ABSTRACT Background: Aspiration is a common complication in acute stroke patients and is strongly associated with a poor outcome. Due to an insufficient sensitivity and specificity of clinical bedside tests, further refinements are needed to improve the accuracy of clinical aspiration screening in acute stroke. Objective: To assess the ability of the simple 2-step swallowing provocation test (SPT) to detect aspiration risk in acute stroke patients. Methods: 100 consecutive patients with first-ever stroke were examined by SPT and fiberoptic endoscopic evaluation of swallowing (FEES) within 72 hours of stroke onset. Using FEES as an objective instrumental technique to evaluate dysphagia, statistical measures representing the ability of SPT to detect aspiration risk were calculated. Results: The incidence of endoscopically proven aspiration risk was 81%. The 1 st -step SPT had a sensitivity of 74.1% and a specificity of 100%. Although the 2 nd -step SPT showed the same 100% specificity, sensitivity was significantly lower. False-negative results of SPT appeared predominantly in subjects exhibiting leakage of liquids to pyriform sinus without a pronounced delay in swallow onset. Conclusions: In acute stroke patients with an impairment of the pharyngeal phase of swallowing, 1 st
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Dysphagia is found in up to 78% of acute stroke patients. [1] [2] [3] It is associated with aspiration pneumonia, prolonged hospital stay, increased mortality and poor long-term outcome. [2] [3] [4] [5] Several forms of clinical bedside tests depending on the ability to swallow liquids or food of various consistencies have been proposed for dysphagia assessment in acute stroke patients. 6 7 Although these swallowing tests are safe and easily repeatable, they often have insufficient sensitivity, specificity and reliability. Hence, further refinements are needed to improve the accuracy of bedside dysphagia screening in acute stroke patients.
Recently, Teramoto and colleagues developed a 2-step swallowing provocation test (SPT) for the detection of aspiration in elderly patients. 8 As the SPT exclusively examines the involuntary swallowing reflex, it is fundamentally different from the other bedside tests. 9 In our department, the SPT has become an important part of clinical dysphagia management and is also used in basic research. 2 10-15 The aim of the present study was to determine the sensitivity, specificity and predictive values of the SPT for detecting aspiration risk in acute stroke patients compared with fiberoptic endoscopic evaluation of swallowing (FEES). 16 
PATIENTS AND METHODS
One hundred consecutive patients with first-ever stroke were included in the study. Stroke severity was measured on admission using the National Institutes of Health Stroke Scale (NIH-SS). 17 Inclusion criteria were ischaemic stroke and admittance earlier than 24 hours after symptom onset. Furthermore, in accordance with our local guidelines of stroke management, patients had to have either an NIH-SS >3 points and/or had to present with a facial palsy and/or dysarthria to be eligible for advanced dysphagia assessment. Patients with a history of a preexisting dysphagia or disease probably causing dysphagia, and a severely reduced state of consciousness (ie, stupor or coma) were excluded. In all patients, the site of the brain infarction was determined by CT or MRI scans.
The SPT was carried out as described by Teramoto and colleagues in detail elsewhere. 8 9 In brief, a thin 4-charriere catheter was inserted through the nostril into the oropharynx with its tip being placed just beneath the velum. The swallowing reflex was induced by bolus injection of 0.4 ml (first step) and 2.0 ml (second step) of distilled water. The onset of swallowing was identified by visual observation and simultaneous registration of the characteristic upward laryngeal movement by means of two of the examiner's fingers. The water bolus injection was administered near the end of expiration. The latent time from the beginning of water bolus injection to onset of swallowing (ie, laryngeal elevation) was measured with a stopwatch. Each of the two steps was classified as abnormal when the latent time was more than 3 seconds.
The standard FEES protocol was followed with slight modifications. 18 In brief, subsequent to the anatomical/physiological assessment, the patient received teaspoon-wise three different food consistencies dyed with blue food colouring for ease of visualisation. The first food consistency introduced was pureed food, followed by liquid and soft solid food. 19 For each patient, the occurrence of salient endoscopic findings was documented. The patient was classified as being at risk of aspiration, if aspiration itself (ie, entry of material below the true vocal folds) and/or penetration (ie, material enters the laryngeal vestibule but stays ahead of the true vocal folds) of the patient's own saliva or any feeding consistency occurred. In case of significant pharyngeal residues, the patient was observed for a further 2 minutes after the swallow to detect or exclude post-deglutitive penetration and aspiration. 20 In all subjects, SPT and FEES were performed immediately one after another within 72 hours of stroke onset. In half of the patients, the SPT was performed first; the other half received FEES at the beginning. In each patient, the examiner was blinded to the results of the other testing.
Statistical analyses were carried out with SPSS 12.0 for WINDOWS H (SPSS Inc.). Categorical data were analysed using the x2 test. 
RESULTS
Forty-six women and 54 men with a mean age of 71.43 (SD 11.81) years participated in the study. The average of NIH-SS was 9.86 (SD 4.79) points. SPT and FEES assessment could be successfully performed in all patients. Whereas patients had hemispheric strokes, 12 patients showed vertebrobasiliar strokes and 4 patients showed a combination of both.
FEES demonstrated aspiration risk in 81 patients and no aspiration risk in 19 patients. Seven patients were found without any endoscopic swallowing abnormalities. 1 st -step SPT was abnormal in 60 patients, and 2 nd -step SPT was abnormal in 40 patients. Table 1 summarises the sensitivities, specificities and predictive values of both steps of the SPT.
Whereas no false-positive results occurred, SPT failed to detect aspiration risk in approximately 25% of stroke patients. To gain more information about the reason for this failure, salient endoscopic findings other than penetration and aspiration of subjects with false-negative SPT results were compared with those of true negative and true positive SPT cases. Table 2 shows the frequencies of these endoscopic findings in relation to the SPT results.
In stroke patients with false-negative SPT results, the rate of leakage to the pyriform sinus was significantly higher compared with cases with a true negative SPT result (76.2% vs. 5.3%; p,0.01). In comparison with subjects with a true positive SPT result, the rate of a delayed swallowing reflex was significantly lower in patients with a false-negative SPT (93.3% vs. 19.0%; p,0.01).
DISCUSSION
When compared with FEES, both steps of the SPT underestimated the aspiration risk. The 1 st -step SPT failed to detect aspiration in approximately 25% of patients. The 2 nd -step SPT revealed false-negative results twice as often as the 1 st -step SPT, with nearly 50% normal findings despite endoscopically proven aspiration risk. Both steps of the SPT did not lead to any falsepositive result and, thereby, did not overestimate the aspiration risk. Interestingly, in 12 out of 19 patients with a true negative SPT, minor swallowing abnormalities without any penetration or aspiration were observed by using FEES. This finding indicates that minor swallowing abnormalities alone do not cause false-positive results of SPT. As a clinical consequence, there will be only very few patients in whom oral feeding and oral medication are incorrectly withheld when using SPT for decision-making of feeding strategy. As the specificity of both steps of the SPT was 100%, but 1 st -step SPT showed a significantly higher sensitivity in the present study, 2 nd -step SPT does not gain additional information about aspiration risk, indicating that 2 nd -step SPT should not be applied to acute stroke patients in clinical routine. This important difference in performance of the 1 st -step SPT and the 2 nd -step SPT may result from the significantly larger bolus size injected for the 2 nd -step SPT.
By analysing salient endoscopic findings other than penetration and aspiration, our study revealed two main subgroups of acute stroke patients to be at particular risk of aspiration. The majority (,75%) of patients with endoscopically proven aspiration risk showed a prominent disturbance of the pharyngeal phase with or without an additional dysfunction of the oral phase. Aspiration risk was associated with a pronounced disturbance of the swallowing reflex. Our study suggests SPT to be an appropriate bedside test to reliably detect aspiration risk in this particular subgroup of acute stroke patients.
Approximately 25% of acute stroke patients in our study population were at aspiration risk, because of a sole or predominant disturbance of the oral phase of swallowing. The pharyngeal phase was found to be relatively intact, and aspiration was the consequence of massive leakage to the pyriforme sinus without a significant delay in swallow onset. In this subgroup, the SPT failed to detect aspiration risk sufficiently.
However, when compared with other bedside swallowing tests, the 1 st -step SPT has the advantage of a significantly higher specificity. 7 As previous studies reported that videofluoroscopy or FEES are capable to detect aspiration by up to 25% more frequently compared with the clinical assessment in the same stroke population, the sensitivity of 1 st -step SPT does not essentially differ from other forms of bedside examination. 19 In view of the high incidence of aspiration risk in our study, the sensitivity of SPT might have been higher in a population of stroke patients similar to that of other studies in this field, exhibiting aspiration rates from 22% to 52%. 6 19-24 In conclusion, our study suggests the following approach for the initial management of dysphagia in acute stroke patients by using the 1 st -step SPT: 1. Acute stroke patients with an abnormal 1 st -step SPT should be given ''nil by mouth''. 2. Acute stroke patients with a normal 1 st -step SPT, but clinical signs of an impaired oral phase of swallowing should also be kept ''nil by mouth'' or, if possible, should be 
